We study theoretically the current-noise energy (voltage bias and temperature) dependence for a N-N'-S structure, where N and S stand for bulk normal metal and superconductor, respectively, and N' for a short diffusive normal metal. Using quasiclassical theory of current fluctuations we determine the noise for arbitrary distributions of channel transparencies on both junctions. The differential Fano factor turns out to depend on both junction transparencies and the ratio of the two conductances. We discuss analytically the coherent and incoherent regimes and the case when one of the two conductances dominates the other one. Measurement of differential conductance and noise can be used to probe the channel distribution of the interfaces. We discuss recent experiments in the light of our results.
Introduction
Current noise in hybrid mesoscopic systems has been deeply investigated in the last decade, both from the experimental and theoretical side [1, 2] . It is quite clear now that noise contains piece of information on the charge transfer mechanism that is not present in the average current. The most striking example is clearly the carriers' elementary charge, that can be obtained by measuring the noise-to-current ratio (Fano factor) in tunnel junctions. As a matter of fact, in mesoscopic Normal metal/Superconducting (N/S) hybrid structures, for energy (voltage bias and temperature) below the superconducting gap, the elementary process responsible for transport is Andreev reflection [3, 4] . It involves the transfer of two electrons at (nearly) the same time from the superconductor to the normal metal. This implies a doubling of the noise that has been predicted [5, 6] and observed [7, 8] . The situation is particularly clear in the tunneling limit, where the Fano-factor dependence on voltage and noise is exactly that for a normal metal with the replacement e → 2e [9] . This behavior has been recently observed in semiconductor/Superconductor tunnel junctions [10] .
N/S structures are also interesting for another reason. If the mesoscopic structure is shorter than the coherence a e-mail: fabio.pistolesi@grenoble.cnrs.fr length, transport is coherent and interference plays a crucial role. Since Andreev reflection involves scattering of an electron and a hole that are nearly time reversed particles, the random phases acquired during the diffusion in the metal are canceled out, and interference between electronic waves is controlled only by the length of the path and the energy of the particles [11] . This leads to a strong energy (temperature or voltage bias) dependence of the conductance that has been predicted [12] [13] [14] and measured [15, 16] . At large energies, phases acquire a fast dependence on position and transport becomes incoherent.
Very recently, the noise was also shown to have a nontrivial dependence on the energy. This dependence is different from that of the conductance [17] [18] [19] [20] . The cases of a long diffusive wire [17, 21] , tunnel junction [9, 22] , and double tunnel barriers [23] have been considered in the literature.
The last structure is particularly interesting since interference is enhanced by increasing the number of reflections. A Fabry-Perrot structure made of two barriers between the superconductor and the normal metal is expected to show a strong energy dependence of the conductance. This was predicted some time ago [12] for N-I-N'-I-S structures (where I is an insulating barrier) using quasiclassical Green's function approach, and then confirmed experimentally [24] [25] [26] [27] . More recently the noise in 466 The European Physical Journal B this tunnelling structure has been calculated [23] . The tunnelling condition greatly simplifies the theoretical approach. This assumption does not limit severely the range of the normal-state conductances that can be theoretically investigated since the number of channels in most cases is very large. However, for given normal-state conductances one expects a dependence of current and noise on the actual value of the transparencies. We find actually that this dependence can be the dominant one in some limits. Concerning the current, this was confirmed by the work of Clerk et al. [28] where the conductance for non-tunnel N-N'-S structures has been evaluated by means of random matrix theory. The behavior of the noise when the interfaces are not tunnelling is the object of the present work.
In this paper we calculate the current noise for a N-N'-S structure without restrictions on the distribution of channel transparencies on both interfaces. We use quasiclassical Green's function technique [29] [30] [31] . Boundary conditions at the reservoirs are modified by the introduction of a counting field [32] [33] [34] which allows to calculate the noise. Exploiting the parametrization for the Green's function proposed by two of the authors in reference [21] we obtain the expressions for the voltage and temperature dependence of current noise in terms of a complex parameter to be found numerically. In some limiting cases the calculation can be performed to the end analytically. In all others the numerics is straightforward. We find that when the conductances are of the same order of magnitude, the channel distribution becomes crucial for the energy dependence of both the current and noise. The expressions we provide can be used to characterize interfaces when current and noise can be measured accurately. Even if this is non trivial from the experimental point of view, one should consider that it is very difficult to control, only by means of the fabrication, the transparency of an interface, i.e. the value of the transparencies and their distribution. If the average transparency can be easily estimated from the size of the contact, the true distribution remains out of the reach of any probe. That is why having a theory that predicts the conductance and noise for an arbitrary distribution of the channel transparencies can be a useful tool.
The paper is organized as follows. In Section 2 we introduce the model and derive the main equations. In Section 3 and Section 4 we obtain the expressions for the current and the noise, respectively. Section 4.4 is devoted to the case when the transport is dominated by one interface. Section 5 gives our conclusions.
Model and basic equations
We consider a N-N'-S structures with two junctions characterized by their set of channel transparencies: {Γ Nn } for the N-N' barrier and {Γ Sn } for the N'-S barrier, n and n being channel labels (see Fig. 1 ). Consequently, the conductances are g N (S) = g Q n Γ N (S)n , where g Q = 2e 2 /h is the quantum of conductance. We assume that g N/S is small enough to completely neglect the voltage drop in the N' part. Namely, we require that the time necessary for an electron incoming from the leads to visit the whole N' region (dwelling time τ D ) is much smaller than the time spent in the region itself (escape time τ ). This corresponds to asking that the Thouless energy E Th ≡ /τ D = D/L 2 (D being the diffusive constant and L the typical size of N') is much larger than E τ ≡ /τ = (g N + g S )δ/(4π g Q ) (δ being the average level spacing for N'). We also assume that L ξ d = D/∆ (or equivalently E Th ∆), where ∆ is the superconducting gap of S, so that the spatial dependence of the proximity effect can be neglected in N'.
Proximity effect is thus completely controlled by E τ and charge transport does not depend on the shape of N'. Hence we can consider N' as an isotropic zero dimensional conductor. We also assume that g N/S g Q : Each barrier has a large number of conduction channels. Coulomb blockade and weak localization effects are then negligible. The upper bound to the conductances is that the notion of chaotic cavity must remain valid, this implies that the surface of the contact must be small with respect the the total external surface of the central island. Finally we require that the escape time is much smaller than phase breaking and inelastic time. All these requirements are met, for instance, in the experiment of reference [26] .
Within these assumptions, one can apply the so-called "circuit theory" to calculate current, noise and higher current cumulants [18, [33] [34] [35] [36] . In particular the central region can be approximated with a single node, since any internal spatial dependence is negligible. The conductor is thus discretized into three nodes connected via two connectors, see Figure 1 . Each node is characterized by a quasiclassical matrix Green's function in the Keldysh(¯)-Nambu(ˆ) space,Ǧ N/S for N and S leads andǦ for N' depending on the energy E and a counting field χ [32] .
The counting field appears as a modification of the boundary conditions. In our case this corresponds to transforming the normal reservoir Green's function as follows [34]:Ǧ N (χ) = e iχτK /2Ǧ N 0 e −iχτK /2 ,
whereσ i ,τ j (i,j=1,2,3) are Pauli matrices,τ K =τ 3 ⊗σ 1 , anď G N 0 is the normal metal quasiclassical Green's function
